Difficulties falling asleep are common among adolescents, especially during times of stress. Adolescents may thus benefit from brief techniques (15 min) that decrease pre-sleep cognitive-emotional arousal and sleep-onset latency. The present study used a 3 (intervention: mindfulness bodyscan mp3, constructive worry, control) by 3 (time: baseline, week 1, week 2) mixed-model design on a school-based sample of adolescents (N = 232; M age = 15.9 AE 0.8 years, range = 14-18 years; 19% male), and a sub-sample of adolescents with prolonged sleep-onset latency (i.e. ≥30 min; N = 119; M age = 16.9 AE 0.9 years; 21% male). It was expected that the 15-min prerecorded breath-based mindfulness bodyscan, and constructive worry, would decrease sleep-onset latency and pre-sleep arousal similarly over time, relative to the control condition. A significant interaction was observed among adolescents with prolonged sleep-onset latency, who completed ≥3 days for at least 1 week (p = .001), where mindfulness decreased sleep-onset latency relative to constructive worry and the control. Neither technique changed pre-sleep worry or cognitiveemotional arousal, or associated daytime functioning (both the whole sample and sub-sample). A pre-recorded mp3 breath-based mindfulness bodyscan technique is a promising means by which adolescents with prolonged sleep-onset latency can decrease sleep-onset latency. This simple tool has potential for scalable dissemination by stakeholders (e.g. teachers), unqualified to treat adolescent sleep difficulties.
Summary
Difficulties falling asleep are common among adolescents, especially during times of stress. Adolescents may thus benefit from brief techniques (15 min) that decrease pre-sleep cognitive-emotional arousal and sleep-onset latency. The present study used a 3 (intervention: mindfulness bodyscan mp3, constructive worry, control) by 3 (time: baseline, week 1, week 2) mixed-model design on a school-based sample of adolescents (N = 232; M age = 15.9 AE 0.8 years, range = 14-18 years; 19% male), and a sub-sample of adolescents with prolonged sleep-onset latency (i.e. ≥30 min; N = 119; M age = 16.9 AE 0.9 years; 21% male). It was expected that the 15-min prerecorded breath-based mindfulness bodyscan, and constructive worry, would decrease sleep-onset latency and pre-sleep arousal similarly over time, relative to the control condition. A significant interaction was observed among adolescents with prolonged sleep-onset latency, who completed ≥3 days for at least 1 week (p = .001), where mindfulness decreased sleep-onset latency relative to constructive worry and the control. Neither technique changed pre-sleep worry or cognitiveemotional arousal, or associated daytime functioning (both the whole sample and sub-sample). A pre-recorded mp3 breath-based mindfulness bodyscan technique is a promising means by which adolescents with prolonged sleep-onset latency can decrease sleep-onset latency. This simple tool has potential for scalable dissemination by stakeholders (e.g. teachers), unqualified to treat adolescent sleep difficulties.
Future studies are needed to determine whether benefits may extend to academic performance and mental health, if performed for a longer time period with increased compliance.
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| INTRODUCTION
Adolescence is a time of many changes, leaving sleep and emotions vulnerable when coping with new challenges (Tavernier, Choo, Grant, & Adam, 2016) . Negative thoughts experienced around bedtime (worry, rumination, catastrophizing) may lead to pre-sleep arousal (Bartel, Gradisar, & Williamson, 2015; Dahl & Harvey, 2007; Danielsson, Harvey, MacDonald, Jansson-Fr€ ojmark, & Linton, 2013; Hiller, Lovato, Gradisar, Oliver, & Slater, 2014) , subsequently lengthening sleep-onset latency (SOL; i.e. time taken to fall asleep; Hiller et al., 2014) . Stressful situations (e.g. pre-exam period) leave adolescents vulnerable to such emotions and sleep difficulties (Aysan, Thompson, & Hamarat, 2001; Ellis & Fox, 2004) . For example, over 70% of Chinese adolescents experienced a SOL > 30 min prior to exams (Wang et al., 2016) . School pressures compounded by additional stressors (i.e. stressful family environments) increase insomnia severity (Bernert, Merrill, Braithwaite, Van Orden, & Joiner, 2007 ), yet calmness shortens SOL (Tavernier et al., 2016) . Prolonged SOL is a concern due to its pervasive nature, association with depression (Dahl & Harvey, 2007; Short, Gradisar, Gill, & Camfferman, 2013) , poor school performance (Kilincaslan, Yilmaz, Oflaz, & Aydin, 2014; Wang et al., 2016) , emotional problems, inattention and conduct problems (Kilincaslan et al., 2014) , fatigue (Short et al., 2013) , loss of energy and sleepiness (van Maanen et al., 2014) . Fortunately, previous research has demonstrated the potential benefits of brief interventions on pre-sleep arousal, worry and SOL (described below). However, there are methodological concerns that preclude firm conclusions about the effectiveness of these interventions.
Constructive worry (i.e. writing down current worries and a possible solution, early in the evening) is a promising technique to relieve sleep-initiation difficulties (Carney & Waters, 2006) . Among college students with insomnia, constructive worry decreased pre-sleep cognitive arousal (Carney & Waters, 2006) . College students who experienced "mind racing" and worries at bedtime (leading to sleep difficulties) reduced pre-sleep cognitive arousal and bedtime worry after using constructive worry, imagery distraction or a gratitude intervention (Digdon & Koble, 2011) . Surprisingly, SOL remained unchanged in either study (Carney & Waters, 2006; Digdon & Koble, 2011) . However, such studies lacked control groups and provided individuals with only limited time to practice (5-7 days). Thus, the first aim of the present study will be to compare 2 weeks of constructive worry (against a control condition) in adolescents, a population in dire need for such a brief intervention. An interaction is hypothesised, whereby constructive worry will lead to a decrease in adolescents' pre-sleep cognitive-emotional arousal, worry and SOL over time, relative to the control condition.
Mindfulness is another technique used to reduce adolescents' pre-sleep anxiety and SOL. Mindfulness-based interventions involve awareness of the present moment, and accepting thoughts and feelings without judgement, using techniques such as bodyscan (focussing on one's body) and calming breathing (Blake, Sheeber, et al., 2017; Gu, Strauss, Bond, & Cavanagh, 2015) . Adolescents with selfreported poor sleep found a six-session, in-school program incorporating mindfulness managed to decrease SOL and improved sleep quality post-treatment (Bei et al., 2013) . Similarly, a seven-session sleep intervention including mindfulness, targeting adolescents with sleep problems and anxiety, improved subjective and objective SOL, daytime sleepiness and anxiety (Blake et al., 2016) . These studies replicated findings of an earlier six-session sleep intervention that included mindfulness among adolescents experiencing sleep problems and substance use disorders (Bootzin & Stevens, 2005; Britton et al., 2010) . As mindfulness was one of many techniques employed in these abovementioned studies, the unique effect of mindfulness to reduce both pre-sleep arousal and SOL in adolescents is still unknown. Thus, the second aim of the present study is to evaluate the effects of a low-intensity mindfulness (bodyscan) technique. It is hypothesised that mindfulness will decrease pre-sleep cognitiveemotional arousal, worry and SOL over time, relative to the control group, and will be equivalent to constructive worry. As prolonged SOL can have a negative impact on daytime functioning, the study's third aim is to determine whether any decreases in SOL, pre-sleep arousal or worry, resulting from interventions, are sufficient to improve daytime consequences (e.g. fatigue). It is predicted that if arousal and SOL decrease, daytime consequences will also decrease over time for both intervention groups.
Given the high prevalence of sleep difficulties and associated distress experienced by adolescents worldwide (Gradisar, Gardner, & Dohnt, 2011; Short et al., 2013; Wang et al., 2016) , there is a need to provide evidence-based interventions on a broad scale. This may also help to overcome the issue of adolescents being reluctant to seek treatment (Blake, Sheeber, et al., 2017) , and their high drop-out rates when doing so (Bootzin & Stevens, 2005) . Schools provide an accessible platform to provide universal interventions to adolescents (Wells, Barlow, & Stewart-Brown, 2003) , and it would be expected that those who need it most (i.e. adolescents showing early signs of sleep problems, such as SOL ≥ 30 min; Blake, Sheeber, et al., 2017; Short et al., 2013) would also benefit the most. This would also provide a simple method for people not trained in treating sleep problems to assist adolescents who experience difficulties falling asleep.
Further, minimally invasive strategies may increase the likelihood of practise. Hence, we aimed to determine whether these low-intensity (15 min) interventions applied universally to all adolescents, as well as a "sub-clinical" sub-sample (i.e. adolescents with baseline SOL ≥ 30 min), could improve all outcome variables compared with controls. Including all adolescents in analysis, as well as those at risk of developing sleep issues, is important, as active prevention of sleep and mental health issues may be most efficacious (Blake, Sheeber, et al., 2017) .
| MATERIALS AND METHODS

| Participants
Overall 232 adolescents (M age = 15.9 AE 0.8 years, range = 14-18 years; 19% male) contributed data (see Figure 1 for participant flow chart). To increase generalisability to a school setting, all adolescents were included, regardless of whether they self-reported a sleep problem (constructive worry = 24.3%; mindfulness = 27.1%; control = 40.0%), or reported receiving anxiety treatment (constructive worry = 9.3%; mindfulness = 12.9%; control = 16.4%). A "sub-clinical" for non-completers (completers = 11.4, non-completers = 12), and baseline SOL being longer for completers (M = 60.9 AE 20.6 min) than non-completers (M = 41.7 AE 20.6 min) in the "sub-clinical" sub-sample (t 27 = À2.33, p = .03). Overall, intervention groups had a similar percentage of adolescents who commenced the study and were included in analyses (constructive worry = 91%, mindfulness = 89%).
Ethics approval was granted from the Social and Behavioural Research
Ethics Committee, the Department for Education and Child Development, and Catholic Education South Australia, and was registered on the Australian New Zealand Clinical Trials Registry (trial number 367478). 
| Design
| Sleeping patterns
Adolescents were asked how long it took them to fall asleep (minutes) during the past week, separately for school (Sunday-Thursday) and weekend (Friday-Saturday) nights. hygiene during the past week (e.g. "I go to bed and worry about things happening at home or at school"). Scores ranging from 1 (never, 0%) to 6 (always, 100%) were reversed, then summed and divided to obtain the average score. Higher scores indicated better cognitiveemotional arousal. Internal consistency for the six items was good for baseline (Cronbach's a = 0.80, N = 232).
| Evening rumination
The Perseverative Thinking Questionnaire-Child Version (PTQ-C; Bijttebier et al., 2015 ) is a 15-item questionnaire validated among adolescents (Bijttbier et al., 2015) to assess repetitive negative thinking (i.e. rumination, worry) at bedtime. Adolescents were asked to "rate how often the following have happened to you over the past week while trying to fall asleep at night," using a five-point scale (never-almost always). Scores were summed. Higher responses indicated more repetitive negative thinking. Internal consistency for the 15 items was excellent for baseline (Cronbach's a = 0.96, N = 231). 
| Daytime consequences
| Treatment efficacy and compliance
To measure adherence, intervention groups were asked each week how many nights they completed the intervention. At week 2, they were also asked questions relating to treatment efficacy; "After doing the self-help intervention my problems falling asleep have. . ." using four response options (improved a lot-got worse); and "My overall impression of the self-help intervention is that it was. . ." with four response options (highly effective-ineffective). Adolescents were provided the opportunity to comment as a free text response concerning ". . .suggestions for improving this intervention?"
| Procedure
Schools across Adelaide, South Australia, were contacted via email with brief study details. Seven interested schools responded, and six schools participated (one-four classes per year level). Information concerning the study, parent consent forms and student assent forms were distributed and collected by teachers prior to the first session. Effect of bias was minimised as classes were pre-allocated to condition, prior to any contact. Students within the same year level attending the same school were allocated to the same condition, minimising contamination. Classes were enrolled and allocated by lead author, KB. Adolescents, caregivers and teachers were blind to their treatment condition until after baseline data collection, and to the other intervention groups throughout the study. Research assistants were aware of the different conditions, in order to provide the appropriate weblink and intervention instructions to each class (see below).
Data were collected on the same day within subjects, once per week in the classroom, via online questionnaires. Individual identification numbers were provided. Interventions were outlined on the final page of the baseline questionnaire and verbally in class by researchers. The constructive worry group was instructed to record, between 18:00 hours and 20:00 hours each night, at least three worries that may keep them awake, and the next step to resolve the issue (Carney & Waters, 2006) . If the worry surfaced at bedtime, they were to remind themselves they had solved the problem as best as they could, until the morning (Carney & Waters, 2006) . Adolescents were provided with a verbal example of a worry, and possible solutions. Sharing worries or solutions was not required. The mindfulness group was provided a non-copyrighted 15-min mp3 audio file of a breath-based bodyscan to take home. The audio initially focussed on breathing, followed by sequential awareness of each section of the body, with attention returning to breathing before completion. They were instructed to listen to the audio file nightly at bedtime, and continue relaxing after the audio had finished. The control group were instructed to continue their sleep/ wake habits as usual. Debrief occurred following the third visit, detailing all interventions (see Figure 2 for study protocol). As reimbursement for their time, classes were provided with an information session on a requested topic (e.g. sleep, research methods).
| Statistical analysis
Data were analysed using IBM SPSS Statistics 22. Outliers were determined (standardised z-scores AE 3.29), and altered to 1 unit lower/higher than values within appropriate limits (Tabachnick & Fidell, 2007) . Skewness was assessed visually using histograms (Tabachnick & Fidell, 2007) . SOL appeared negatively skewed at all times points, yet to retain meaningful values was not transformed, particularly for the assessment of baseline SOLs ≥ 30 min. Linear mixed-model regressions (LMMRs), using restricted maximum likelihood as the method of estimation, were performed to determine interaction effects between condition and time. Time and group, and the time 9 group product term were entered as fixed effects.
Time was coded as 0 = baseline, 1 = week 1, 2 = week 2. Subjects were entered as random effects, to handle the correlation between time points, with the intercept included in the model. Modified intention-to-treat analyses were performed, excluding adolescents who provided only baseline data, to encompass those who experienced exposure to the intervention (Blake et al., 2016) . A sub-sample of treatment completers (data retained for ≥3 nights intervention over 1 week) was also analysed. LMMRs are advantageous due to their ability to cope with missing data and unequal sample size (Twisk, de Boer, de Vente, & Heymans, 2013) . Estimated marginal means for each group across each time point were calculated using Bonferroni correction. Baseline data were equated to the overall mean value when represented graphically (Figure 3 ), for easier visual comparability. Cohen's d effect size was calculated as the difference between baseline and end of intervention (week 2) means, divided by baseline standard deviation (Cohen, 1988) . Participant comments on the intervention were scored independently by authors KB and MG to determine common themes (Fossey, Harvey, Mcdermott, & Davidson, 2002) , and appropriately grouped to obtain qualitative feedback.
| RESULTS
| Evaluation of interventions compared with control
For the whole sample, no significant interaction occurred for SOL (F 4,241.78 = 1.64, p = .17). A small decrease in SOL was observed in the mindfulness and control groups, with a negligible decrease in the constructive worry group (Tables 1 and 2 ). For the sub-sample (119 adolescents with SOL ≥ 30 min; 54 constructive worry, 29 mindfulness, 36 control), results revealed no significant interaction for SOL (F 4,146 .09 = 2.25, p = .07), although a moderate decrease in sleep latency was observed in the mindfulness group from baseline to week 2, a small decrease for the control group and constructive worry groups for the same time period (Tables 1 and 2 ). When treatment completers with SOL ≥ 30 min were analysed, an interaction occurred for SOL (F 4,100.80 = 5.28, p = .001; Figure 3 ; Table 2 ).
No further interactions occurred for pre-sleep arousal and rumination (i.e. ASHS-R, PTQ-C) or daytime functioning (i.e. SRSQ), either for the entire sample or those with baseline SOL ≥ 30 min (Tables 1   and 2 ).
| Self-reported treatment efficacy
A higher percentage of adolescents in the mindfulness group appeared to rate the intervention as effective for improving their sleep compared with constructive worry (Table 3) . One-hundred and eight adolescents across both interventions provided qualitative feedback regarding improvements to the intervention. Answers were grouped into three broad themes. Eleven out of 50 adolescents (22%) from the mindfulness group and 19/58 from the constructive worry group (33%) reported "no changes" were needed. Complaints about the "study procedure," especially the repetitive nature of the questionnaires, were reported by 5/50 (10%) adolescents in the mindfulness group and 9/58 (16%) from the constructive worry
Prior to Initial session:
Hand out consent forms and study information
Baseline:
Round one of questionnaires.
Give intervention as appropriate.
Week 1 intervention:
Round two of questionnaires.
Continue intervention.
Week 2 intervention:
Round three of questionnaires.
Debrief. write your worries or thoughts"). Indeed, adolescents from both groups suggested setting a reminder alarm to perform these interventions (e.g. "I struggled to remember to play the recording every night as year 12 is a lot of stress. . .").
| DISCUSSION
Contrary to predictions, this study provides evidence that, as a universal approach, providing a mindfulness bodyscan mp3 to use around bedtime, to an entire class, or using constructive worry, does not appear to effectively decrease SOL. These techniques also appear insufficient for improving pre-sleep cognitive-emotional arousal or rumination, thus reducing daytime tiredness. However, listening to a mindfulness bodyscan mp3 around bedtime can reduce SOL in adolescents with long SOLs, if performed for at least 3 nights per week.
Our findings contradict previous research (Carney & Waters, 2006; Digdon & Koble, 2011) , which found constructive worry T A B L E 2 Means and upper 95% confidence intervals for each treatment group across treatment for SOL, pre-sleep arousal, rumination and daytime tiredness, for the entire sample, and those with baseline SOL ≥ 30 min (including SOL for treatment completers) decreased pre-sleep cognitive arousal. Carney and Waters (2006) recruited adults with insomnia, and compared 'constructive worry'
with 'worry monitoring' (i.e. concentrating on worries without generating solutions). Key insomnia processes include worry, selective attention and monitoring (Harvey, 2005 Regarding the mindfulness bodyscan, to our knowledge, the current study is the first to use a bodyscan technique at bedtime as a standalone intervention. Our findings add to previous research focussing on multi-component treatment that provided in-depth training on mindfulness, including a bodyscan, breathing exercises, and focussing on addressing worries and thoughts (Bei et al., 2013; Blake et al., 2016; Bootzin & Stevens, 2005; Britton et al., 2010) .
This low-intensity and easy to disseminate mindfulness exercise decreased SOL comparably more than previous multi-component studies (19 min decrease, Bei et al., 2013 ; 31 min in the present study among treatment completers with long baseline SOL; 10-15 min difference between control and intervention groups, Blake et al., 2016) . A more complex approach may be advantageous for decreasing pre-sleep arousal and bedtime rumination (Bei et al., 2013; Blake, Schwartz, et al., 2017) . Six-session studies, incorporating relaxation, have successfully improved sleep and insomnia symptoms up to 1-year post-treatment in adolescents diagnosed with insomnia (de Bruin, B€ ogels, Oort, & Meijer, 2015; Roeser, Schwerdtle, K€ ubler, & Schlarb, 2016) . However, the present study focussed instead on improving SOL among adolescents without clinical sleep disorders, in a school setting. Our results are of important clinical relevance as a 31-min decrease for adolescents with SOLs > 30 min was observed. The odds of an adolescent reporting a sleep issue increases 1.40 times for every 10-min increase in SOL (Short et al., 2013) . Furthermore, adolescents who fall asleep 15 min faster also experience less sleepiness, less depressed mood, and better physical, emotional, social, school and psychosocial quality of life (Tzischinsky & Shochat, 2011) . This demonstrates the clinical significance of our findings, although the improvements in SOL did not benefit subsequent daytime functioning. A more comprehensive analysis of daytime symptoms, such as affect, social functioning and physical health, may be useful for discerning effects of mindfulness on daytime functioning (Blake, Schwartz, et al., 2017) .
Previously, delivery of sleep programs has often required specific, expert sleep knowledge. This expertise is unavailable for untrained professionals (e.g. teachers, school counsellors). Thus, providing a mindfulness mp3 to improve adolescents' perceived SOL is a valuable resource, which can be distributed to schools, parents, adolescents and other health professionals. However, lack of insomnia diagnosis precludes the efficacy of this tool among adolescents with insomnia. et al., 2016) . Additionally, requesting adolescents set a reminder may improve regular activity completion. Due to the association between pre-sleep arousal and SOL in non-sleep-disordered adolescents (Bartel et al., 2016) , this study aimed to determine the effects of lowintensity interventions on SOL and pre-sleep cognitive arousal broadly (i.e. in schools). Prolonged SOL is a transdiagnostic symptom, which can occur in a sub-clinical sleep disturbance, insomnia, delayed sleep-wake phase disorder, or both (Blake, Sheeber, et al., 2017 ).
| Limitations and future directions
We did not aim to remedy clinical sleep disorders. Using tools to screen for sleep disorders (e.g. Insomnia Severity Index for insomnia)
would reveal the effects of these interventions on clinical symptoms/aetiology.
| Conclusion
Overall, mindfulness appeared to be effective for decreasing sleep initiation in adolescents with prolonged SOL, but only if they completed the intervention for at least 3 nights per week. In contrast, constructive worry appeared to have no benefit. More elaborate interventions, or improvement of the current interventions through incorporation of adolescents' feedback, are needed to enhance compliance and treatment outcomes.
